S martphones and smartwatches are used for a multitude of purposes in our daily lives. They are equipped with sensors that may monitor our patients' health. This article provides an overview on how they may be used to screen for atrial fibrillation, and discusses the current status of this technology.
Undiagnosed atrial fibrillation (AF) is common, especially in older populations. The European Society of Cardiology (ESC) therefore recommends in its 2016 guidelines 1 that AF should be screened in all patients >65 years old by taking their pulse and, if irregular, diagnosed by recording an electrocardiogram (ECG). Such measures detect previously unknown AF in 1-2% of these elderly patients, 2 and the prevalence is likely to be significantly higher if more frequent or continuous monitoring is used. There has therefore been growing interest in developing tools to screen for AF.
The interest is shared by healthcare professionals, patients, healthcare payers, and the industry (both pharmaceutical and device manufacturers). The ideal tool would:
• provide continuous monitoring;
• have 100% accuracy to avoid unnecessary patient stress or false reassurance, as well as increased physician workload;
• be noninvasive;
• be user friendly (to encourage patient adherence);
• give instant feedback to the user to inform them of the status of their rhythm;
• record data that can be easily transmitted for processing and documentation, and;
• be affordable.
However, as of today and for the foreseeable future, no tool entirely satisfies this wish list.
Smartphones and smartwatches are ideal platforms for providing AF screening, as they are ubiquitous, have sensors that can record the pulse, are connected to upload data for offline processing and storage, are able to provide feedback to the patient and limit costs because usually no extras (other than apps) are required.
The signals that can be used by smartphones for recording cardiac rhythm are the ECG (using add-on hardware), seismocardiography (SCG) and photoplethysmography (PPG).
Single-lead ECG signals are recorded by electrodes, which can be applied to the smartphone casing or integrated into the smartwatch wristband (AliveCor, San Francisco, CA), which then transmits data wirelessly to the smartphone or smartwatch. This technology has been validated for AF detection by a number of publications, showing up to 98% sensitivity and 97% specificity, 3 with a lower sensitivity of 55% in a recent publication. 4 Other handheld ECG recorders, such as the Beurer ME 90 (Ulm, Germany), can connect wirelessly to smartphones for real-time and offline visualisation of the ECG tracing, but the performance of the automatic arrhythmia detection algorithm has not as yet been validated. SCG records cardiac rhythm using the smartphone accelerometer and gyroscope. 5 The smartphone is placed on the chest while the patient is recumbent, which is impractical and limits use of this technique. Pulse is more readily measured using PPG. The patient places their finger on the smartphone camera, which measures pulsatile bloodflow (lit up by the flash). Some smartwatches are equipped with green LED lights paired with photodiodes on the back of the casing to measure the PPG signal.
Another investigational method is analysis of the contact-free facial pulsatile PPG signals using the smartphone camera. 
Editorial Atrial Fibrillation
A large number of free apps to measure heart rate using PPG signals are available, but those that process data for AF screening are limited.
Screening of AF using smartphone PPG was first reported by Lee et al. in
2012. 7 AF may be identified by assessing variability in RR intervals using mathematical analyses such as the root mean square of successive difference (RMSSD), Shannon Entropy (ShE) and Poincarré plots, either alone or in combination, yielding 96-97% sensitivity and 94-98% specificity for diagnosing AF. 8, 9 Other strategies involve self-similarity of waveforms, 9 or artificial intelligence (using a 'deep neural network') which has recently been shown to detect AF with 98% sensitivity and 90% specificity in a study involving 51 patients who wore an Apple watch for 20 minutes before and after electrical cardioversion for AF. 10 There are a number of commercially available apps in Europe to screen for AF. The Photo AFib Detector (CCAPP, Hong Kong, China) and AF Detect (HealthSTATS, London, UK) can be downloaded by the general public for <€2, but have never been clinically validated. Both have legal disclaimers stating that they are not for medical use. As with any diagnostic test, validation of accuracy is mandatory, and the method should be subjected to regulatory approval before being used in clinical practice. Two apps, listed below, have so far received Conformité Européene (CE) approval.
Fibricheck (Qopium, Hasselt, Belgium) has been clinically validated for regulatory purposes (publications are pending) and is for the time being only being prescribed by physicians. The AF detection algorithm uses artificial intelligence with signal pattern recognition and offline analysis, requiring an internet connection. The patient receives immediate feedback on their pulse rate and normal/abnormal heart rhythm following 1 minute pulse acquisition by his or her smartphone. The recordings are processed by a teleservice centre for verification, with a full report then being sent to the physician.
Heartbeats (Preventicus, Jena, Germany) can be downloaded directly by the general public and provides immediate feedback to the patient (data analysis is performed offline, and requires an internet connection). Figures 1 and 2 . Unlike conventional methods for determining pulse rate by simply using signal peaks, a combination of detection of the steepest slope of each pulse wave and a correlation method with a pulse wave pattern is used. This proprietary algorithm was validated and yielded an excellent correlation of r=0.99, compared with RR intervals from standard ECG recordings. 11 For AF screening, the tachogram is filtered to eliminate premature beats and other disruptions using an algorithm for adaptive variance estimation. 12 AF is evaluated using RMSSD, Shanon entropy and Poincarré plots. Using 2 minute recordings, sensitivity and specificity for diagnosing AF were 87.5 and 95%, respectively, using either RMSSD alone or in combination with Shannon entropy. Sensitivity and was slightly higher (95%) with the 5 minute recordings using RMSSD and Poincarré analysis, with the same specificity (95%). Additional data analysis by a service centre is available, which is likely to enhance specificity. Results using the algorithm with signals from a smartwatch have recently been presented in abstract form, 13 and showed 85% sensitivity and 82% specificity, with 25/109 (23%) patients who had unsuitable signals. This is a first step, and a more recent version of the proprietary algorithm incorporates data from the accelerometer of the mobile device, which is believed to improve rejection of motion artefacts and improve diagnostic accuracy in studies which are currently underway.
Examples of recordings are shown in
The PPG signal from smartphones and smartwatches are currently unable per se to provide data of diagnostic quality. This technology is therefore more suited for screening purposes and will require additional testing to diagnose AF. The challenges that physicians will be faced with include interpretation of PPG signals, deciding which patients should be further evaluated and which confirmatory tests to perform. Implantable loop recorders or ECG patches 14 are options, but both solutions come at a cost which will require economic assessment. Another strategy would be to use a two-step process, first with PPG signals for continuous monitoring (with a smartwatch or wristband). In case of suspected AF, a signal would be triggered to alert the patient to record an ECG using a handheld device (e.g. an AliveCor or Beurer recorder). This second step would provide further automatic analysis (this time of the ECG) to determine whether AF is present, and could be later reviewed by a physician if positive, to diagnose or rule out arrhythmia.
There is legitimate concern that AF screening by smartphones and smartwatches may cause increased workload and responsibility for physicians. 15 It may also cause undue stress to patients. It is therefore mandatory that this technology be carefully validated in clinical studies which reflect ambulatory use in a primary care setting (rather than, for example, laboratory testing in immobile patients before and after AF cardioversion).
Conclusion
In addition to rhythm monitoring, PPG may in future have additional uses that can be integrated into smartphone and smartwatch apps, such as monitoring oxygen saturation and blood pressure, or screening for sleep apnoea. The arterial pulse has been palpated since ancient times to evaluate disease states. 16 PPG has modernised the analysis of this physiological signal. In the era of multifunctional smartphones and smartwatches, it is very likely that PPG will be increasingly used to empower the general public to manage their own healthcare. q
